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PREFACE 

This paper considers the problem of allocating weapons to 

achieve targeting objectives while simultaneously minimizing 

aggregate damage to surrounding nonmilitary facilities, each 

of which has an upper limit to the damage it is permitted to 

incur.  A model is formulated which assumes only that damage to 

individual targets or associated facilities does not decrease 

as the number of allocated weapons increases.  An implicit 

enumeration algorithm, based on that of Lawler and Bell (see 

Reference [3]), is described that yields optimal integer solu- 

tions.  An example is presented. 

This paper differs from IDA paper P-1106 (Reference [2]) 

in that it presents the full generality of the collateral damage 

minimizing model, whereas P-1106 describes a model (NDM) 

tailored to specific design requirements.  In addition, the code 

listed in the Appendix may prove a prototype for a modified NDM 

with greatly decreased run times. 
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A TARGETING MODEL THAT MINIMIZES COLLATERAL DAMAGE 

One of the assumptions behind the argument to employ 

oounterforoe  targeting of strategic weapons (the targeting of 

an enemy's strategic capability), as opposed to countevvalue 
targeting (the objective of which is the destruction of popu- 

lation and economy), is that sufficient destruction of strategic 

targets can be achieved without causing appreciable damage to 

the surrounding nonstrategic facilities.  This paper presents 

a model which addresses the following two questions:  Given a 

collection of weapons, potential aimpoints, and a configuration 

of strategic targets—each being assigned a minimum  level of 

damage; and nonstrategic facilities—each having a maximum 
level of permissible damage, 

(A) Is there an assignment of weapons to aimpoints (an 
allocation)   that satisfies the above two sets of 
constraints? 

(B) Of all allocations satisfying the above two sets of 
constraints, what is the one (or a  one) that minimizes 
the (perhaps weighted) sum of the damage to the non- 
strategic facilities? 

I.   MATHEMATICAL FORMULATION 

The fundamental elements of the model are M strategic 

targets, henceforth called simply "targets," N nonstrategic 

facilities, or "nontargets," I different weapon types, and 

J potential aimpoints to which any weapon can be directed.  An 

allocation z is the matrix {z, ,|i=l,...,I; j=l,...,J} where 

z. ., an integer, is the number of weapons of type i allocated 
1 y J 

to aimpoint J. 



For each target m, we suppose a real-valued response 

function f (z) which represents the damage to target m from 
m *w 

allocation z.  We require that f (z) be monotonically non- 

decreasing in each component of z, which is an implicit assump- 

tion that, given any allocation, the allocation of additional 

weapons does not result in less damage to any target.  Each 

target m is assigned a real number, c , which is the minimum 

damage requirement (targeting objective), i.e., for an alloca- 

tion z to be feasible, it must satisfy f (z) > c , m=l,...,M. ~ ^  m ~ — m    ' 

Similarly, for each nontarget n there is a response func- 

tion g (z), monotonically nondecreasing in each component of z, 

and a real number d denoting the maximum damage permitted to 

this nontarget.  Further, each nontarget n is assigned a non- 

negative weight, or value, A . 

The nonnegative integer w, is the number of weapons of 

type i available for allocation. 

We can now combine questions (A) and (B) into the follow- 

ing problem P: 

N 
Minimize h(z) = I   X g^(z)    subject to (1) 

z      ~   n=l 
n n ~' 

f (z) > c        m=l,...,M ; (2) m ~ — m 

gn(z) < dn       n=l,...,N ; (3) 

J 

I z, . < w.       i=l,...,I ; W 
j=l 1,J   2 

Zi,j e 
(5) 

where Z is the set of nonnegative integers.  If problem P is 

infeasible, then the answer to question (A) is clearly "no," 

otherwise an answer to question (B) is ensured because the num- 

ber of allocations which satisfy constraints (*0 and (5) is 

finite. 
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II.  AN ALGORITHM 

Problem P admits solution by implicit enumeration.  The 

following algorithm is based upon the lexicographic technique 

of Lawler and Bell (see Reference [3])--though, unlike the 

Lawler-Bell approach, this algorithm does not use binary vectors. 

We first identify the matrix z with a vector z.  This can be done 

in a number of ways, one of which is through the following 

relationship: 

zk ■ z± «       k=i + (J-l)-I; i=l,...,I; j=l,...,J .    (6) 

Note that this can be reversed as follows: 

zi,j = V 1 = k " (T1)* X>   J = (¥) + 1;  k=l,...,K=I.J. 

where <x> is the largest integer less than or equal to x. 

With this in mind, we will drop the circumflex, and in the dis- 

cussion that follows, all allocations will be vectors in ZK, 

i.e., K-dimensional vectors with nonnegative integer components. 

We require two binary relations between vectors in ^K: 

Componentwise (partial) Ordering: 

We write x > y if x, > y,       k=l,...,K 
•w — At      K —  K 

x > y if x > y and x. > y, for at least one k. 

Lexicographic Ordering: 

We write x > y if x, , > y, , where k' = max (k|x, ^ y. }, 

and  x>yifx>yorx=y. 

Let <&  = {zeZK|zk<wh for k=l,...,K, h=k-<(^Szi). ii . 

Thus <<7 is a set of allocations that satisfy constraint (5) of 

problem P, and clearly contains all allocations that satisfy 

constraint (4), and so must contain all solutions to problem P 

providing problem P is feasible.  Since | totally orders & , 

we could enumerate all the points of <&   and find the solution 

to P in this manner.  However, the monotonicity of the 

3 



objective and constraint functions will permit us to skip over 

many infeasible and/or nonoptimal points.  To see this, we 

need some notation.  Consider a vector zz<&.     We will denote 

by z+1 the vector x, if it exists, satisfying 

'x t 4r 

x > z (7) 
L 

y > z =$  y > x . 

At most one such vector exists, but may fail to exist because 

of the boundedness of 07. The vector z-1 will be that vector 

x, if it exists, satisfying 

x e & 

z > x (8) 
~ 1 ~ 

£ > 1 =» * > Z  • 
This vector will always exist except for z = 0.  The vector z* 

will be that x, if it exists, satisfying 

x e <£ 

X  >  Z ~ L ~ (9) 
x j| z 

((y>z)/\(y^z))^> y>x. 
\ ~ L ~     ~   ^ /     ~ L ~ 

Intuitively, z* is the first vector in a  following z (in the 

lexicographic ordering) which is not (componentwise) greater 

than or equal to z.  For some z, z* may not exist; however, we 

will adopt the following convention:  For any z for which z* 

does not exist, we will set 

(z*-l)k ■ wh for h=k-<(^p) .  I, k=l,...,K , 

thereby ensuring that z*-l exists for every ze-<*7.  Crucial to the 

algorithm is the observation that for any ZEöf, any y that 

satisfies z < y < z*-l also satisfies y > z. 
- L   ~ L    * ~ 



Figure 1 outlines the fundamentals of the algorithm.  A 

brief inspection of the flow chart will make clear that the 

algorithm must terminate after a finite number of steps.  If 

h = • upon termination, the problem is infeasible, otherwise 

an optimum integer allocation will always be found.  The order 

in which the constraints are examined was chosen because, for 

certain applications, this order was efficient.  However, we 

make no claim that this is, in any sense, an optimal ordering. 

For other applications, a different sequence of constraint 

evaluations might well prove to be better. 

III.  A CLASS OF EXAMPLES 

We will now look at a class of examples with, point targets 

and nontargets, where the destruction of any target or nontarget 

is a binomial random variable with probability of kill dependent 

on the allocation, but with independent weapons effects.  We 

will use Cartesian coordinates to specify location, in particular, 

target coordinates are (x ,y ), m=l,...,M; nontarget coordinates 

are (\i   ,v ), n*=l,...,N; and aimpoint coordinates are (£.,5.), 

J=1,...,J.  For response functions we will employ "probability 

of kill" which is computed as follows:  Let pm . be the probabil- 

ity that a single weapon of type i, allocated to aimpoint J, 

destroys target m, conditioned on the weapon*s arrival at its 

destination. The probability that a type-i weapon arrives at 

its destination, its "reliability," is given by p..  Because we 

have assumed independence of weapon effects, it is not difficult 

to compute the total probability that target m is destroyed by 

allocation z, which is 

I  J      _  z, , 
f (z) -l-i   ir U-P.PT <) 1,J • m ~       1=1 J = 1   i i,j 

Similarly, we denote by pn . the conditional probability 

that a single type-i weapon allocated to aimpoint J destroys 
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Figure 1.  AN IMPLICIT ENUMERATION ALGORITHM 



nontarget n. Therefore, the probability that allocation z 

destroys nontarget n is 

1  J z, - 
g„U)  =  1 -   TT     TT  (1-P.p"  ,)  1,J  . 

1-1 j«l  x 1,J 
3n ~ 

Although the values of the parameters {pm .} and {p1}     } 
1 > J 1 9 J 

can be entirely arbitrary, within the obvious limits 

0 1 Pm5j 1 1       m=l,...,M; 1=1,...,I; j = l,...,J , 

0 1 Pij 1 1       n=l,...,N; i=l,...,I; j = l,...,J , 

we will use, for tutorial purposes, the following formulae, 

which are not unreasonable approximations to certain types of 

weapon damage curves and have been proposed by other analysts 

(see, for example, Eckler, Reference [1], or McNolty, Reference 

[4]): 

PL " eXpl-ai,m[(V^J)2+(V^)2:l| ■*••"•* «....A J=1,...,J 

/ (10) 

Pi,J =eXP "ßi,n[(VCj)2+(Vcj)2]i n=1---'N; *•-!•—A J»1,...,J 

where all a,  , ß.   are nonnegative real numbers.  The param- 
l, rn   l, n 

eters {a.  } and (B4  } are measures of the rate at which weapon i,m       i ,n 
effects decrease with distance. 

With these conventions, we can now write explicitly the 

problem P* which comprises this class of examples: 

P':  Given nonnegative weights A , n=l,...,N, and the values of 

cme[0,l] m=l,...,M 

dne[0,l] n=l,...,N 

w^Z i=l,...,I 

P.eCO,!] i»l,...,1 



l ,m — 

l,n - 

xm,ym 

Vvn 

i = l,...,1;  m=l,...,M 

1=1,...,1;   n=l,. . . ,N 

m*l,...,M 

n=l,...,N 

minimize 
z 

h(~= j> i_i!i A^H^-»^^"*»^!) l* 

m 

subject to 

1" 1=1 j^^i^hi^fv^^^v^)2]!)1^ i 

1      J   / ( r 2 2iAZi>J 1 " 1=1 jIiV^^r^nK'5^ *W ][j        1 dn 
J 
J z        < w 1=1,...,I 

j=l 1,J        X 

Zj.cZ 1=1,...,!; j=l,...,J . 

m=l,...,M 

n=l,...,N 

IV.  COMPUTER APPLICATIONS 

A FORTRAN routine to solve problems of the type given by 

P* was written for the CDC 6400 computer, and was used to solve 

the numerical example of this section.  (A listing of this pro- 

gram, along with input formats are given in the Appendix.)  The 

values of the parameters are listed in Tables 1-6.  The configura- 

tion of the targets, nontargets and aimpoints is depicted in 

Figure 2. 

The routine ran for five seconds to compute the optimal 

solution, z, given in Table 7. 
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Table 1.  TARGET PARAMETERS 

jtaZ 

Table 6.  COMPONENTS OF ß 

o 

X ym cm 

1 -1 0 .8 

2 1 0 .8 

Table 2.  NONTARGET PARAMETERS 

un vn X n dn 

1 -2 0 2 .3 

2 -1 -1 4 • 3 

3 1 1 6 .3 

i* 1 2 0 8 .3 

Table 3.  AIMPOINT PARAMETERS 

2zl 

1   'J 
1 -1 1 

2 -1 0 

3 0 0 

i* 1 0 

5 1 1 -1 

Table 4.  WEAPON PARAMETERS 

1-2 

1   Wl p
l 

1 6 • 9 

2   | 6 .7 

Table 5.  COMPONENTS OF a 

m 
12 

1 .1   .1 

2 .5   .5 

n 
1 2 3 k 

1 .05 .1 .1 .09 1 

2 .8 .8 .8 .8 

Table 7.  OPTIMAL ALLOCATION z 

II1 3 I) c 

1   ||   0 0 0 0 0 

2    j   2 0 1 0 2   1 

h(z)   «  5.2 gx(z)   =   .28 

fx(£)   -     .83 g2(z)   *   ,2k 

f2(£)  -     .83 g3(£)   -   .24 

g^z)   ■   -28 

Table 8.  OPTIMAL ALLOCATION z 

1 

I 

2 3 n 5 

1 0 0 0 0 0 

2 0 0 3 0 0 

h(z')   - 4.5 g1(z')   ■   .08 

f
X(z')   ■ .81 g2(z')  *   .37 

vr> - .82 g3(z')  =   .37 

g^(z-)   -   .08 
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Figure 2.  CONFIGURATION OF THE EXAMPLE 

It is interesting to note that if all the d are changed 

to 1.0, which is equivalent to removing the individual non- 

target damage constraints, then the optimal allocation is z', 

given in Table 8. In this latter case, we have reduced total 

collateral damage over that given in Table 7, but only at the 

expense of considerably greater damage to two of the nontargets. 

10 



REFERENCES 

[1]  Eckler, A. R. and S. A. Burr. Mathematical  Models  of 
Target  Coverage  and Missile  Allocation.     Alexandria, Va.: 
Military Operations Research Society, 1972. 

[2]  Grotte, J. H. A  Nontarget  Damage Minimizer   (NDM)   Which 
Achieves   Targeting  Objectives,   Paper P-1106 (also WSEG 
Report 256.  Arlington, Va.: Weapons Systems Evaluation 
Group).  Arlington, Va.: Institute for Defense Analyses, 
November 1975-  (Vol. I, Unclassified; Vol. II, Secret). 

[3]  Lawler, E. L. and M.D. Bell.  "A Method for Solving Discrete 
Optimization Problems." Operations  Research,   lh   (1966), 
1098-1112. 

[4]  McNolty, F.  "Expected Coverage for Targets of Nonuniform 
Density." Operations  Research,   16 (1968), 1027-1040. 

11 



APPENDIX 

FORTRAN LISTING AND INPUT SPECIFICATIONS 



FORTRAN LISTING 

PROORAM MDLTWOUNpUTtOUTPuT) 
COHMON/LlMlTS/NOTARfNONONtNOAlHtNOMEAP 
COMMON/TARGETS/XTAR(10)IYTAR(10)»DEST<10) 

COMMON/NONTAR/XNON(10)»YNON(io)»FACTOR(lo)iUPNO*D<lO> 
COHMON/AiMPNTS/XAlMtlOO).YAlMdOO) 

COMHON/E*EP/I*NUM(lö)fRELBi-(lO)»EFFTA«(lo»10)»EFFNONllo»10) 
COMMON/SLRATCH/PKTdOtlOtlOO) tPKN(lOtlOtlOO) tlPRESALUOOO) t 

lTARSURV(lo)tIBTNAL(1000)tBTNTS(10)tNTV(lo)»SV,IFLAQfNFLAQ,8TNNTS 
2t8TNNTVUo)tNONFLAG 

CALL  REAÜIT 
CALL CALCpRB 
CALL LEXO 
CALL OUT 
ENO 

A-l 



SUBROUTINE READIT 
COMHON/LIMITS/NüTAR,NONON,NOAIM,NOWEAP 

COMMON/TAROETS/XTAR(10)tYTAR(lO).DEST(lO) 
COMMON/NONTAR/XNON(10)»YNON(l0)tFACTOR(lo)»UPNONO(lO) 
COMMON/AiMPNTS/X4lH(lOO).YAIM(IOO) 

COMMON/C«ER/I»»NUM(l0)tRELBL(10)tEFFTAR(l0tl0)tEFFNON(lOtlO) 
COHMON/SLRATCH/PKT(lOtiOilOO),PKN(10•101100)%IPRESAL <1000)t 
iTARSURV(lo)»IBTNAL(1000)tBTNTS(lO)»NTV(ln)»SV»IFLA6,NFLAQfBTNNTS 
2t8TNNTV(l0)tN0NFLAG 
REA01tNOTARfNON0N,NOAlMtNO«EAP 

1 FORMAT(AIIO) 
00 5 X"l»NOTAR 
REAOlOt*lAR(I)»VTAR(I)tOEST(I) 

10   FOR"AT(3Fl0.6) 
5    CONTINUE 

UO 15I-I»N0N0N 
READ20 »XNON(I)•YNON(I)tFAC TOR(I)tUPNONO <I) 

20   FOR"AT<*Fl0.6> 
15   CONTINUE 

DO 25I"1»N0AIM 
READ30fXAlM(I),YAlM(I) 

30   F0RMAT(2f10.6) 
2b   CONTINUE 

D0100l"l*NOWEAP 
READ4011«NUM(I)f RELBL(I) 

40   FORHAT(I10»F10*6) 
REA0200t<E^FTAR(IfM),M«ifKOTAR) 
REAU300»(EFFNON(I,N).N-iiNONON) 

200  FORMAT(8Fl0.6/t2F10«6) 
300  FORHAy(ÄF10,6/t2Fl0#6) 
100  CONTINUE 

RETURN 
END 

A-2 



SUBROUTINE CALCPRB 
C0MM0N/LlMlTS/N0TAR»N0N0N9N0AlNtN0WEAP 
COMMON/TAROETS/XTA«(10) tYTAR(lO)tOESTdO) 
COMMON/NONTAR/XMONUO) tYNON(10)iFACTOR(lo)»UPNONO(lO) 

COHMON/AiHPNTS/XAlM(100),YAIM(lOO) 
COMMON/E*EP/IWNUM(i0)fRgLBL<10)»EFFTAR(lo»10>»C^FNON(i0tlo) 
COMMON/SLRATCM/PKT(10»10tl00) •PKN(lOtlOHOO) tiPRESALHOOO) t 

lTARSURy(Io)»IBTNAL(100U)»BTNTS(lO)tNTV(lo)*SV«IFLAO«NFLA69BTNNTS 
2»BTNNTVUo*»NONFlAG 

OOlOMalfNoTAR 
OOlOIaltNo«EAP 
OOlOJ«lfNOAlH 
««■EFFTARUiM^nxAIMUl-KTARlMn^^YAxMtjJ-YTAnlM))««?) 
PKT(NfXtJ)«RELBL(I)»EXPl-toW) 

10       CONTINUE 
0020N«lfNoNON 
OO20l«l»NoWEAP 
OO^OjaltNoAIM 
««■EFFN0N(I,N)«UXAIM(J)-XN0N(N))««2*(YAIM(J)-YN0N(N))««2) 
PKN(NtI•J)»RELBL(I)»EXP(-*«> 

2Ü   CONTINUE 
RETURN 
END 

A-3 



SUBROUTINE LEXO 

THIS SUBROUTINE FINDS ANU STORES THE OPTIMAL ALLOCATION USING 
LEXICOGRAPHIC ENUMERATION AFTER LAWLER-öELL. OPTIMAL VALUES ARE 
STORED AS FOLLOWS— 
BTNNTS**TOTAL NONTAROET SURVIVAL LEVEL  (FROM NTS) 

■999999999« IF NO FEASIBLE SOLUTION Is FOUND 
IBTNALU».)— OPTIMAL ALLOCATION 
BTNTSU)--RESULTING TARGET SURVIVAL LEVEL (FROM TARS) 
BTNNTVt.)—INOIVIOUAL NONTARQE* SURVIVAL LEVELS  (FROM NTS) 
COMMON/LlMlTS/NOTARtNONON.NOAlMtNQWEAP 
COMMON/TAROETS/ATAR(l0)tYTAR(10)tOEST(10) 
COM«ON/NONTAR/XNON(10)»YNON(IO)»FACTOR(In)tUPNOND(lO) 
COMMON/AIMPNTS/XAIM(100)vTAIM(lOO) 

COMMON/E«EP/IWNUM(l0)tRELBL(lo)»EFFTAR(lo»lO)»E^FN°N(lO»10) 
COMMON/SLRATCH/PKTU0»10I100) |PKN(10«10»10 0) »IPRESALUOOO) f 

lTARSURV(iO)»IBTNAL(1000)tBTNTsUO)#NTV(lo)»SV#IFLAG»NFLAG»BTNNTS 
^•BTNNTV(lo)»NONFLAG 

REAL  NTV 
INTEGER ITEMPAL(IOOO) 
INTEGER ITEMST(IOOO) 
00 9000 LL-1»H 
ITEMST(LL)»o 

9000 CONTINUE 
BTNNTS-9999999999. 
M«N0WEAP

4
N0AIM 

00 1 K«ltM 
IPRESAL(K)BO 

1 CONTINUE 
C     BEGIN ENUMERATION 
C    CMEC* U*0  VECTOR FOR FEASIBILITY 

CALL TARS 
IF(IFLA6.NE.O)GO TO 100 

C     IF MEREt NO AOOITIONAL WEAPONS ARE NEEDEQ 
8°02 CALL NTS 

If(NONFLAG.NE.O>*ETURN 
8003 BTNNTS«SV 

00 10 K»AfNONON 
BTNNTV(K)HNTV(K) 

10 CONTINUE 
00 11 K«lfM 
IBTNALU)tilPRESAL(K) 

11 CONTINUE 
00 12 K«1,N0TAR 
BTNTS(K)"TARSURV(K) 

12 CONTINUE 
RETURN 

c   THIS SECTION COMPUTES NEXT ALLOCATION 
910 DO 315 J»ltNOAlM 

00 315 i«lfNO*EAP 
KKK«I*(J-l)«NOyEAP 
IF(IPRESAL (KKK)*LT.IHNUM(I))OO TO 320 
IPRE$AL"<*KK)«0 

315 CONTINUE 
C   HERE IF IPRESAL HAS LAST ALLOCATION 

RFTURN 
320 IPRESAL(KKK)«IPRESAL(KKK)«1 
399 CALL NUMBS 
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IF(NFLA6.£Q.1)G0 TO 600 
400 CALL TARS 

IF(IFLAG.NE.1)GO TO 500 
C     MERE IF ALLOCATION INFEASIBLE 
C     STORE IPftESAL 

100 00 405 K»1»M 
ITEHPAL<*)«IPRESAL<K) 

405 CONTINUE 
C     NO* TO COMPUTE IPRESALSTAR-1 

00 410 *"ltM 
IF (IPRESäL(K).£Q«0)OO TO 4l0 
lPRESAL(K).o 
00 TO 41b 

410 CONTINUE 
4ib IF(K.GE.M)G0 TO 420 

L-K*l 
00 425 K»LtM 
JB(K-1)/NO«EAP 
I«K-NOwEAp«j 
IF(IPRESAL(K),LT.I*NUM(i))GO TO 430 
IPRESAL(K)«0 

425 CONTINUE 
00 TO 420 

430 IPRESAL(K)«IPRESAL(K)*1 
GO TO 435 

420 00 440 I"ltNOWEAP 
00 440 J"1«N0AI* 
KKK«I*<J-1)«N0«EAP 
1PRESALIKKK)*I«NUM<I) 

440 CONTINUE 
GO TO 460 

435 00 445 J"1*N0AIM 
00 445 I"1»N0WEAP 
KKK»U(J-1)«N0WEAP 
IF(IPRESAL(KKK)»NE.0>GO TO 450 
IPRESAL(KKK)«IWNUM(I) 

445 CONTINUE 
450 IPRESAL(*KK)aIPRESAL(KKK)-l 

C    NO« *E HAVE IPRESALSTAR •! 
480  DO 9005 LL«I#M 

IF(ITEMST(LL).NE«IPRESALILL))60 TO 9010 
9005 CONTINUE 

GO TO 902o 
9010 DO 9015 LL»ltM 

ITEMST(LL)«IPRESAL<LL) 
9015 CONTINUE 

CALL TAftS 
IF(IFLAG.NE.O>GO TO 310 

C    MERE IF IRRESALSTAR -I IS FEASIBLE 
9020 CONTINUE 

DO 495 K«itM 
IPRESAL(*>»ITEMPAL<K) 

495 CONTINUE 
GO TO 310 

500  CALL NTS 
IF(NONFLAG.NE.O)GOT0600 

8010 IF(SV.GE.BTNNTS)G0 TO 600 
c   HAVE FOUND A NE« OPTIMUM 
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ÜO   510   K*ltM 
IBTNALCO«IPRESAL<K) 

510  CONTINUE 
DO 515 I"l»NOTAR 
8TNTS(I)"TARSURV(I) 

515 CONTINUE 
BTNNTS*SV 
DO 520 i"ltNONON 
bTNNTV(I)-NTVd) 

520 CONTINUE 
SKIP TO IPRESALSTAR 

600 00 610 K"liM 
IF(IPRE5AL(K),EG.o)GO To 6^0 
IPRESAL(K)-0 
00 TO 620 

610 CONTINUE 
ö2U IF(K.GE.H) RETURN 

L-K*l 
00 625  K.LtM 
J«(K-l)/No«EAP 
IaK*N0ta£Ap«j 
IF(IPRESAL(K).LT»IWNUM(I))QO TO 630 
IPRESAL(I<)»0 

625 CONTINUE 
RETURN 

630 IPRESAL<K)«IPRESAL(K)M 
00 TO 399 
END 

A-6 



SUBROUTINE  TARS 
COMMON/LlMlTS/NOTAR»NONON,NOAlMtNOWEAP 
COMMON/TARQETS/XTAR<10) tYTARdO)tDEST(lO) 
COMMON/NONTAR/XNONUO) IYNON(10)»FACTOR(1O) »UPN0ND(10> 

COHHON/AiHPNTS/XAlMdOO) tYAlH(lOO) 
COMMON/E«EP/I*NUM(10)t«ELpL(lO)»EFFTAR<10t10).EFFNON(10.10) 
COMHON/StRATCH/PKT(10»10tlOO)iPKN(10flO«lOO)tIPPESALU000), 

lTARSURV(Io)tlBTNAL(1000)tBTNTsdO) tNTV(10>»SVtlFLAG,NFLAGfBTNNTS 
2i8TNNTVU0> tNONFLAG 
OOlOH-ltNoTAR 
TSUPV-1. 
0050X"1»NOWEAP 
0050j«ltNoAlM 
KKK"I*U"U«NOWEAP 
XFUPRE»AL(KKK).LE»°)GOTO50 

lF(PKT(Hii»j).QE,1*)8I9 
8 TSUPV-O. 

00 TO 50 
9 PS"(l."PKT(M»ItJ))#«lPRESAL(KKK) 

TSURV»TSURV»PS 
5©   CONTINUE 

C     ARE CONSTRAINTS SATISFIED 
W*«1.-0EST(M) 
IF(TSURV.GT.«W)6«7 

6 IFLAG-1 
RFTURN 

7 TARSURV(M)«l.-TSURV 
1Ü   CONTINUE 

IFUAG-O 
RETURN 
ENO 
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SUBROUTINE NTS 
C0MM0N/LlMlTS/N0TARfNONON,NOAlM9NOWEAP 
COMMON/TARQETS/XTARCIO)»YTAR(IO)tOEST(lO) 
COMMON/NONTAR/XNON(lo)»YNON(i0),FACTOR(ln)»UPNONO(lO) 
COMMON/AjMPNTS/XAIM(100)tYAlMC100) 

COMMON/E*EP/IWNUM(lo)tRELBL(lo)«EFFTAR(l0tlo)tEFFNON(lotlO) 
COMMON/SLRATCM/PKTdOf lOt]0O)tPKN(l0tlOtlO0),lPRESAL(lO0O). 

ITARSURV(lO)tlBTNALdOOO) tPTNTS(10)»NTV(lo)»SV»lFLAGtNFLAG,BTNNTS 
2t8TNNTV(lo)tNONFLAG 

REAL   NTV 
$V«0. 
OOl000N«ItNONON 
TEMPSV"U 
OO50l«l»NO«EAP 
D050J«I»N0AIH 
KKK«I*{J-l)«NOwEAp 
IF<IPRESAL<KKK)•LE.o)GOT050 
lF(PKN(NtI»J).GE.l.)B»9 

8 TEMPSV«0» 
GO TO 50 

9 PS«<l.-PKN<NtI»J))0«lPRESAl<KKK) 
TEMPSV«TEMPSV»PS 

50   CONTINUE 
*««l.-T£MpSV 
1F(MM.GT»URN0N0(N))7*10 

7    NONFLAG«1 
RgTUHN 

10 SV«SV*FACTOR(N)«WW 
NTV(N)«FAcTOR<N)»W* 

1000 CONTINUE 
NONFLAG»0 
RETURN 
END 
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SUBROUTINE NUMBS 
COMMON/llMlTS/NOTARfNONON,NOAlMtNO«CAP 
COMMON/TAROETS/XTAR(10)tYTAR(lO)«OEST(10) 
COMMON/NONTAR/XNONdO) »YNON(lo) »FACTORUo» »UPNOND<10> 

COMMON/AIMPNTS/XAIH(100),YAXM{100) 
COMMON/E*EP/IWNUM(l0)tRELBL(lo>»CFFTAR(l0tlo)»EF'FNON(ioflO) 
COMHON/SIRATCH/PKT(10t10»100),PKN(10ilO•100)♦I PRE SAL(1000 ) ♦ 

lTARSURV(Io)»iBTNALUOOO)»BTNTS(lO)»NTV<lo)'SVtXFLAGvNFLAGtBTNNTs 
ZtBTNNTVUo^NONFLAO 
00lI«l»N0wE*P 
ISUM-0 
002^«1»N0AIM 
KKK"I*(J-l)«NOWEAP 
ISUM»IPRESAL<KKH)*XSUM 
CONTINUE 
IF(ISUM,LE«IWNU«(I))GOT01 
NFLAG«! 
RETURN 
CONTINUE 
NfLAG-0 
RETURN 
END 
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SUBROUTINE  OUT 
COMM0N/L1MITS/N0TAR»NON0N9NOAIM9NOWEAP 
C0MMON/TAROETS/XTA«(l0)tYTAR(10)«OEST(l0) 
COMMON/NONTAR/XNON(lO)fYNON(io)tFACTOR(lo)»UPNONÜ(lO) 

COMMON/AiMPNTS/XAlM(l00),tAlM<100) 
COMMON/C»EP/lWNUM(l0)tRELBl.(lo)»EFrTAR(lo»10)iEFFNON(lotlO) 
COMMON/SCRATCM/PKTdOtlOtlOO) iPKN(lOtlOtiOO) ilPQEsALdOOO) , 

lTARSURVlin),IBTMALUOOO)tBTNTS(lO)tNTV(l0)tSVtIFLA6»NFLAGfBTNNTs 
2t8TNNTV(*0)#NONFLAO 
REAL NTV 
PRINTS 

5    FORMAT(lMlt«PROORAH MOL«) 
PRINTS 

10   FORMATdH-,«INPUT DATA*) 
PRjNTl5tN0TAR 

15   FORMAT dM.,«TARGETS («il*,«)«) 
PRINT2Ü 

20   FORMAT(lM0i»TARQET NUMflEH«»6Xt
#X COORD.#,7X#«Y C00RD»«»6Xf 

^•PROB. OF UEST.«/) 
0026I»1»NOTAR 
PRlNT25»itXTARU)tYTAR(I)tDEST(I) 

25 FORMATdH   t7X,l2flOXtFlo.3i5X,Flo.3t5XtF10.3) 
26 CONTINUE 

PRINT111 
111  FORMATdH.) 

PRINT3Ü#N0N0N 
3°   FORMAT (lM-»<»NONTARGeTS (•♦Ui«)*l 

PRINT35 
35 FORMAT(1M0,«NONTAR NUMBEH«t6X,»X COORD.»,7Xt«Y COORD««.12Xt 

i»VALUE«» TX.«DAMAGE LIMIT«/) 
00411-ltNONON 
PRINT36•i,XNON(I)f YNON(I),FACTOR{I)t UPNOND(I) 

36 FORMATdH ♦7X,I2t1oXtFlo#3»5XfFlo»3f5XfFio»3t5X,Fio.3) 
«A   CONTINUE 

PR1NT111 
PRINT45»N0AIM 

45   FORMAT(lM.f«AlMPOlNTS (MM)«) 
PRINT50 

50   FORMAT(lMo,«AlMPNT NUM8E««»6Xf«X COORD.«,7Xf«V COORD;«/) 
0056l-l«N0AIM 
PRlNT55tl»XAIM(I),YAlM(I) 

55   FORMATdH t6X.l3tlOXtFlo.3»5X,Fl0.3) 
56  CONTINUE 

PRINTlll 
PRINT60»No«EAP 

60   FORMAT(lM-t«WEAPON CLASSES (•#!♦••)•) 
PRINT65 

65   FORMAT(IH0,»CLASS NUMBER«,5X,«TOTAL AVAILABLE«,5Xf«RELIABlLlTY«, 
I/) 
D07lI«l»N0WEAP 
PRlNTTOt ItlWNUM(I) tHELBLd) 

70 FORMATdH   #5Xtl2tl5XfI4,l5X,Fl0.3) 
71 CONTINUE 

PRINT10Ö 
100 FORMATdM.,«WEAPON-TARGET EFFECTIVENESS TABLE«) 

PRINT lO* 
101 FORMATdH.t« /TARGET«) 
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PRINT102 
102 FORMAT (1H   t««EAPON/<») 

PRINTl03»(IiI»ltNOTAR) 
103 FORMAT<IMoil*Xt12.9(8X.12)/) 

D0105I"liNOwEAP 
PRINTllQtIt(EFFTAR(ItJ)tJ»ltNOTAR) 

Ho      FORMAT«!?   .AX.l2f4X,l0Fl0.3) 
105     CONTINUE 

PRINT111 
PRINT200 

200 FORMAT(1M.,»KEAP0N-N0NTIH6ET  EFFECTIVENESS   TABLE*) 
PRINT201 

201 FORMAT(lM-f# ZNONTAHGET«) 
PRINT   102 
PRINT203Ml.I«liNON0N) 

2°3     FORHAT(l«0#Uxtl2f9(öXtl2)/) 
002051-ltNOwEAP 
PRINT210.I,(EFFNON(I.J).J.lfN0NON) 

210  F0RMATC1M .4X.I2.4X.10F10.3) 
2U5  CONTINUE 

PRlNTlll 
PRINTin 
PRINT1005 

1005 FORMATilH..«ALLOCATION RESULTS«) 
IF (BTNNTS.LT.9999999999. )6UT0H00 
PRINT1010 

1010 FORMAT(iM0f#lT IS IMPOSSIBLE TO MEET THE TARGET OAMAöE CONSTRAINTS 
1—PROBLEM INFEASIBLE«) 
RETURN 

1100 PRINT 1125 
112b FORMAT(1M0,«FOLLOWING IS T«E OPTIMAL ALLOCATION») 

PRINT1130 
1130 FORMAT(iH0t«wEAPON CLASS».5X.#AIMPOINT«»5X.«NUMBER ASSIGNED*/) 

001136I«ltN0«EAP 
Ü01136J-1.N0AIM 
KKK«I«(J*1)«N0NEAP 
IF(IBTNAL(KKK).LEV0)GOTOH36 
PRlNT113&fItJ.I8TNAL(KKK) 

1135 FORMATliH t5x.l2.l3x,13,loX,HO) 
1136 CONTINUE 

PRlNTlll 
PRINT1205 

1205 FORMAT UN-,«.TARGET DAMAGE«) 
PRINT1210 

1210 FORMATtl»-f«TARGET CLASS#»5X.«RESULTING PROB. OF DEsT.«.5X.»SPEClF 
1IED PROB» OF OEST.V) 
00 l2l6l»ltN0TAR 
PRINT 12l5fltBTNTS(l)tDEST(l) 

1215 FORHATdH *^X.i2.i4X.Fl0.3tl7X»Fl0.3) 
1216 CONTINUE 

PRlNTlll 
TOT-0« 
001220I"1.NONON 
TOT«TOT*FACTOR(I) 

1220 CONTINUE 
PRINTl225fT0T 

1225 F0RMAT(lH0»«ORIGlNAL TOTAL NONTARGET VALUE WAS ••Fl0»3) 
PC«BTNNTS/TOT«100t 
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PRINTl230,BTNNTSfPC 
1230 FORMAT<lM.f«TOTAL EXPECTED NONTARGET VALUE OESTROYEO IS •tF10.3t 

*•   OR  •tFl0.3t*  PERCENT.«) 
PRINTU1 
PRINT1235 

1235 FORHAT(iM-f«lNOlVlOUAU NONTARGET EXPECTED VALUE ÜEST«OYED LISTED B 
*ELO*<») 
PRINT12A0 

1240 FORMAT<lH.t«NONTARGET NuMRER«f5Xf»ORIGINAL VALUE
#«5Xt 

l#EXPECTEO VALUE DESTROYEO^t10X»#PERCENT#,5X,«SPECIFIED MAXIMUM (PE 
«!RCENT)<»/) 
00 12461«1,N0N0N 
*WW«100«

#
UPNONü(I) 

PCC«BTNNTV(I)/FACTOR(I)«100. 
PRINTl245,IfFACT0R(l)iBTNNTV(l)fPCCtWWW   , , m 

1245 FORMATOM f7Xtl2.14XfFl0.3tUxtFl0.3tl5XfFl0.3»l0X.Fl0.3) 
1246 CONTINUE 

RETURN 
END 
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INPUT SPECIFICATIONS 

Refer to problem P' for notation. 

Core requirements Impose the following limits: 

M < 10 
N < 10 
J < 100 
I < 10 . 

Card Name 

LIMITS 

TARGET 
(1 card each) 

NONTARGET 
(1 card each) 

AIMPOINT 
(1 card each) 

WEAPON 
(1 deck each) 

Input Parameters 

M, N, Ja , I 

xm» ym> cm 

n*  n* n' d n 

V CJ 

v pi 
ai,l* ai,2' 

• • • 

*i,l' Pi,2' " 

Format 

4110 

3F10.6 

4F10.6 

2F10.6 

I10,F10.6 

8F10.6/2F10.6 

8F10.6/2F10.6 
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